Introduction {#sec1-1}
============

Asthma is a chronic disease characterized by reversible airway obstruction and recurrent asthma attacks. Near-fatal asthma (NFA) is a severe form of an asthma attack that is associated with hypercapnia, acidemia, altered mental status and respiratory failure requiring endo-tracheal intubation.\[[@ref1][@ref2][@ref3][@ref4]\] Many factors have been associated with NFA. A systematic review identified the following NFA predictors: Increased use of ß2-agonists via metered-dose inhalers or nebulizers, oral steroids and theophylline, and a history of hospital and/or intensive care unit (ICU) admissions and mechanical ventilation due to asthma.\[[@ref4]\] NFA is associated with significant morbidity and mortality. One study showed 30% incidence of significant myopathy in NFA patients who had neuromuscular blockade.\[[@ref5]\] NFA mortality is high, but has decreased with time. Marquette *et al*. evaluated 147 patients with asthma exacerbation requiring intubation (1983-1988) and found a hospital mortality reaching 16.5%.\[[@ref6]\] In another retrospective study, only four deaths occurred among 162 NFA episodes over 10 years at a university-affiliated hospital in the US.\[[@ref7]\]

Asthma is characterized by regional variation in symptom prevalence.\[[@ref8]\] Saudi Arabia is a unique place due to its environment, characterized by hot weather, frequent dust storms and air pollution, and culture, as people frequently burn wood soaked in fragrant oils. Asthma is estimated to affect \>2 million people in the country.\[[@ref9]\] Several studies examined asthma in Saudi Arabia\[[@ref10][@ref11][@ref12][@ref13]\] resulting in the Saudi Initiative for Asthma, which provides clinical practice guidelines for asthma management.\[[@ref14][@ref15]\] However, there is paucity of studies about NFA. Alzeer *et al*. described 54 patients with 62 severe asthma exacerbations requiring ICU admission (1996-2003) and found that only 38% were ventilated patients and all patients survived.\[[@ref16]\] This study explored NFA risk factors in patients admitted with NFA to a tertiary-care ICU in Saudi Arabia, described NFA management and outcomes and studied the predictors of such outcomes.

Materials and Methods {#sec1-2}
=====================

Patients and setting {#sec2-1}
--------------------

This was a retrospective analysis of a cohort of patients ≥14 year old who had NFA and were admitted to the ICU of a tertiary care hospital in Riyadh between 1/1/2006 and 31/12/2010. The hospital was a 900-bed tertiary-care teaching center with an emergency department (ED) that annually treated approximately 200,000 patients. The ICU was a 21-bed medical-surgical unit with onsite board-certified intensivists on a 24-h 7-days per week basis and admitted approximately 900 patients annually.\[[@ref17]\] This study was approved by the hospital\'s Institutional Review Board.

NFA has been defined as either respiratory arrest due to acute asthma or acute asthma with partial pressure of carbon dioxide (PaCO~2~) \>50 mmHg and/or altered conscious state.\[[@ref1][@ref2]\] Suissa defined it as hypercapnia (PaCO~2~ \>45 mmHg) or non-elective intubation during an asthma attack.\[[@ref3]\] In this study, we defined NFA as acute asthma attack associated with acute respiratory acidosis (PCO~2~ \>45 mmHg) and required intubation and mechanical ventilation. NFA patients were identified by reviewing the ICU database and then medical charts to confirm that they fulfilled our NFA definition. To assess NFA risk factors, 120 controls were selected using systematic sampling technique. These patients were ≥14 year-old and primarily admitted for asthma exacerbation within the same period but did not require intubation.

Collected data {#sec2-2}
--------------

Collected data for cases and controls included demographic characteristics, smoking history, management of asthma before admission, asthma severity and control history, exposure to allergens before presentation, clinical information on presentation, Acute Physiology and Chronic Health Evaluation (APACHE) II score,\[[@ref18]\] laboratory results and chest X-ray findings. The presence of pneumonic infiltrates on the admission Chest X-rays was assessed by reviewing the official reading by a radiologist and was confirmed by a pulmonologist/intensivist.

We also collected data for NFA cases on their medical management after intubation and for up to seven days. These data included the medications used for intubation, sedation, asthma control and neuromuscular blockade, level of positive end expiratory pressure (PEEP) and physiotherapy. Outcome measures evaluated included development of pneumothorax and critical-illness neuromyopathy (clinically diagnosed and documented by the treating ICU team), duration of mechanical ventilation, length of stay in the ICU and hospital, and death in the ICU or hospital.

Statistical analysis {#sec2-3}
--------------------

The Statistical Analysis Software (SAS, 9.2) was used for statistical analysis. Descriptive analyses were carried out by calculating the number and percent for the categorical variables and mean with standard deviation for continuous variables. Alternatively, the median with the first (Q1) and third quartiles (Q3) were reported when number of patients was less than 30. The Chi-square, Fisher\'s exact and Student\'s *t* tests were used to examine differences between groups as appropriate. Multivariate logistic regression analysis was performed to determine NFA risk factors. Independent variables entered in the model were clinically significant variables (age, gender, cigarette smoking, admission in cool months \[October to March\] vs. other months, previous intubation for asthma, previous ICU admission for asthma, number of ED visits for asthma, use of inhaled rapid-acting ß2-agonists, inhaled corticosteroid and long-acting ß2-agonists combination and oral corticosteroids at home. Multivariate logistic regression analysis was also used to evaluate neuromyopathy risk factors with the following independent variables entered in the model: Age, gender, APACHE II score, intravenous methylprednisolone dose, dose and duration of neuromuscular blockers and early (within 3 admission days) vs. late physiotherapy. Results were presented as odds ratios (ORs) with 95% confidence intervals (CIs). A *P*-value \<0.05 was considered significant in all analyses.

Results {#sec1-3}
=======

Characteristics of patients and NFA risk factors {#sec2-4}
------------------------------------------------

Thirty patients with NFA were admitted to the ICU in the five-year period and were compared to 120 patients admitted to the hospital because of asthma exacerbations (controls) in the same period. [Table 1](#T1){ref-type="table"} describes the baseline and clinical characteristics of NFA patients and controls. NFA patients were younger (37.5 ± 19.9 vs. 50.3 ± 23.1 years, *P* = 0.004), predominantly males (70.0% vs. 41.7%, *P* = 0.005) and had less prior use of inhaled corticosteroids and long-acting ß2-agonists combination (13.6% vs. 38.7% *P* = 0.024). Thirteen (43.3%) NFA patients and 44 (36.7%) controls used rapid-acting ß2-agonists alone (*P* = 0.50). Only one NFA patient was on long-acting ß2-agonists only compared with none in the control group. There were no differences in cigarette smoking history, the number of ED visits in the preceding year (3.5 ± 6.1 vs. 1.6 ± 2.0, *P* = 0.12), previous intubation for asthma (8.7% vs. 7.8%, *P* = 0.89) and use of oral corticosteroids before admission. [Figure 1](#F1){ref-type="fig"} describes admission in relation to the months of the year. Most (73.3%) NFA cases presented in the cool months (October-March) compared to 57.4% for controls, *P* = 0.11.

###### 

Characteristics of patients with near-fatal asthma and controls (patients admitted to the ward with asthma exacerbation)

![](ATM-9-33-g001)

![Distribution of cases and controls according to month of hospital admission. Both near-fatal asthma and asthma exacerbation were more commonly admitted in the cooler months of the year.](ATM-9-33-g002){#F1}

On workup, NFA patients had lower admission pH (7.06 ± 0.13 vs. 7.36 ± 0.08, *P* \< 0.0001), higher PCO~2~ and white blood cell count, but no difference in eosinophilia, creatinine and presence of pneumonic lung infiltrates on chest radiographs \[[Table 1](#T1){ref-type="table"}\].

On multivariate analysis, age (OR, 0.96; 95% CI, 0.92-0.99) the number of ED visits in the preceding year (OR, 1.25; 95% CI, 1.00-1.55) and the use of inhaled steroids/long-acting ß2-agonists combination (OR, 0.27; 95% CI, 0.04-1.58) were associated with NFA.

Management of patients with near-fatal asthma {#sec2-5}
---------------------------------------------

For intubation, fentanyl (92.1%) and midazolam (82.8%) were the most commonly used medications. Propofol (41.4%) and ketamine (27.6%) were less commonly used for induction of patients. Neuromuscular blockade was employed in 31% of patients.

[Table 2](#T2){ref-type="table"} describes the medical management of NFA after intubation. It included frequent bronchodilation using the combination of salbutamol and ipratropium and intravenous corticosteroids in all patients. Intravenous magnesium sulphate was used on the first day in 50% of patients. Therapies for refractory bronchospasm included ketamine infusion (50%) and theophylline infusion (19.2%). Ketamine infusion was started on the first day in 13 patients, and in one patient on each of the fourth and seventh days and was continued for a median of 2 days (Q1-Q3, 1-4 days). Theophylline infusion was used on the first day for 5 patients and on the fifth day for one patient, for a median of 2 days (Q1-Q3, 1-3 days). Theophylline level was measured at least once in three of these patients. The level was therapeutic (median level 63 μmol/L; therapeutic range, 44-111 μmol/L) in two patients and sub-therapeutic (17 μmol/L) in one patient who received theophylline infusion for less than 24 hours. Most (93.1%) patients were additionally treated with antimicrobial agents.

###### 

Management of near-fatal asthma patients (complete data available for 26 patients)
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Mechanical ventilation management included the use of zero extrinsic PEEP in 51.7% of patients on the first day, 44.4% on the second day and 40% on the third day. Neuromuscular blockade as cisatracurium infusion was given to facilitate management of mechanical ventilation in 75.9% of patients. It was started on the first day in 64.3% of patients. The median daily dose was 127 mg (Q1-Q3, 50-179 mg) for a median of 2 days (Q1-Q3, 2-3.5 days). Physiotherapy was routinely provided for 73.1% of patients, but in only 21.1% physiotherapy was started early in the first three days of hospitalization.

Outcomes of patients with near-fatal asthma {#sec2-6}
-------------------------------------------

[Table 3](#T3){ref-type="table"} describes the outcomes of NFA patients. None of the NFA patients had pneumothorax. Tracheostomy was performed in 15.4%. The duration of mechanical ventilation was 6.4 ± 4.7 days (media*n* = 5.5, Q1-Q3, 2.8-9.2 days). The length of stay in the ICU was 8.2 ± 5.7 days (media*n* = 7.5, Q1-Q3, 4.0-11.0 days). None of the NFA patients died.

###### 

Outcomes of patients with near-fatal asthma
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Neuromyopathy was clinically diagnosed in 23.1% of patients. The baseline characteristics of these patients (age, APACHE II score, arterial ph and PCO~2~) were not different compared to those who did not develop neuromyopathy. All of them received continuous infusion of neuromuscular blockers for ventilator management. Compared to other NFA patients, they were on similar doses of methylprednisolone (325 ± 97 vs. 254 ± 115 mg per day, *P* = 0.18) and of cisatracurium (177 ± 87 vs. 172 ± 283 mg per day, *P* = 0.96). Moreover, neuromuscular blockade was continued for longer period in them (4.8 ± 2.2 vs. 1.5 ± 1.1 days, *P* = 0.01). Additionally, none of them received early physiotherapy compared to 20.0% of patients without neuromyopathy, *P* = 0.32. On multivariate analysis, neuromuscular blockade duration (OR, 3.16 per one day increment; 95% CI, 1.27-7.83) and APACHE II score (OR, 1.07; 95% CI, 0.89-1.29) were associated with development of neuromyopathy. Of the four patients who required tracheostomy, only one patient had neuromyopathy.

Discussion {#sec1-4}
==========

The main findings of this study were the following: NFA was uncommon with only 30 cases admitted in five-year period; younger age and higher number of asthma-related ED visits were significant risk factors for NFA; NFA management included many rescue interventions reflecting the severity of the disease and neuromyopathy was a frequent outcome of NFA with neuromuscular blockade duration being a significant risk factor.

Severe asthma attacks frequently require hospitalization with 10% of admissions ending up in the ICU.\[[@ref19]\] Intubation and mechanical ventilation are required in up to one-third of these ICU admissions.\[[@ref20]\] In this study, NFA was uncommon as only 30 cases were admitted to our ICU, which annually admitted approximately 900 patients. In our study, most of these cases occurred during the cooler months in Riyadh and probably coincided with the season of respiratory tract infections and sand storms. Younger age and higher ED visits in preceding year were significant risk factors. Identifying NFA risk factors helps targeting high-risk patients with close monitoring and management optimization, which may prevent life-threatening asthma attacks. Clinical practice guidelines provide clear recommendations for managing asthma exacerbations in the acute care setting,\[[@ref14][@ref21]\] but do not specifically address NFA management. This may lead to significant management variability, which was observed in our study. The standard therapies of acute asthma exacerbations, such as rapid-acting inhaled ß2-agonists (Evidence A) and systemic corticosteroids (Evidence A),\[[@ref15][@ref21][@ref22]\] were used for NFA management in our study. Intravenous magnesium sulphate, recommended for patients with severe bronchospasm who fail to improve promptly to bronchodilators (Evidence B),\[[@ref15]\] was provided for 50% of patients. When faced with refractory bronchospasm, other therapies based on lower level of evidence are frequently used by intensivists. These therapies include intravenous infusions of ketamine, theophylline and neuromuscular blockers.\[[@ref22]\] Because of its bronchodilator effect, mediated by ß2-agonist stimulation,\[[@ref23]\] ketamine can be used to facilitate intubation.\[[@ref24]\] Ketamine infusion was used in 50% of our NFA patients, however, the evidence for this use is lacking especially in adults.\[[@ref25]\] Another medication that is considered in management of refractory asthma is intravenous theophylline, used in 19.2% of our NFA patients. Intravenous theophylline is not recommended for routine management of severe asthma\[[@ref21]\] as the clinical benefits of intravenous theophylline in intubated patients are unknown.\[[@ref24]\] A review of fifteen trials of moderate quality found that adding intravenous theophylline to inhaled ß2-agonists in adult patients with asthma attacks treated in the emergency setting failed to show any evidence of benefit and was associated with a higher incidence of adverse effects compared with standard care.\[[@ref26]\] For intubated patients with refractory asthma, intravenous theophylline can be used but with extreme caution especially in patients with significant comorbidities.\[[@ref27]\] The use of continuous neuromuscular blockade while mechanically ventilating asthmatic patients may have beneficial effects such as reducing the risks of barotrauma and dyssynchronous breathing.\[[@ref28]\] Cisatracurium is considered a good choice because of its side effect profile and route of metabolism.\[[@ref28]\] However, neuromuscular blockade after intubation is recommended only for patients who fail to have adequate relaxation with deep sedation alone\[[@ref22][@ref24]\] because of increased morbidity as will be discussed next.

Ventilator management of NFA patients is crucial with reducing dynamic hyperinflation and risk of barotrauma being important goals. Intubation with rapid sequence of sedation and muscle paralysis is preferred.\[[@ref29]\] Extrinsic PEEP in this patient population is controversial and is generally not recommended in sedated and paralyzed patients because it may increase lung volume.\[[@ref24]\] DV Tuxen found that progressively increasing extrinsic PEEP led to a proportional and significant increase in end-inspiratory volume and of functional residual capacity, associated with an increase in plateau, esophageal and central venous pressures with reduction in cardiac output.\[[@ref31]\] These physiologic changes with extrinsic PEEP led to the recommendation to use zero PEEP as part of the ventilator setting when NFA patients are deeply sedated or paralyzed.\[[@ref22][@ref24]\]

Asthmatic patients requiring intubation and mechanical ventilation may have significant morbidity and mortality. Morbidity includes barotrauma,\[[@ref32][@ref33]\] tracheostomy and development of neuromyopathy. In our study, none of the patients developed pneumothorax; 15% had tracheostomy and 23% developed neuromyopathy. Neuromuscular blockers are well known to be risk factors for ICU-acquired neuromyopathy,\[[@ref34]\] especially when combined with high-dose corticosteroids. We found that each additional day on neuromuscular blockers tripled neuromyopathy risk. This was observed in other studies. A retrospective cohort study of 107 consecutive episodes of mechanical ventilation for severe asthma found that corticosteroid and neuromuscular blocker use was associated with higher incidence of muscle weakness compared with sole corticosteroid use (29% vs. 0%, *P* \< 0.001).\[[@ref35]\] Another study found that myopathy increased by 2.1 times (95% CI, 1.4-3.2) with each additional day of muscle relaxation in intubated asthma patients.\[[@ref5]\] In the same study, there was a trend of higher neuromyopathy incidence with continuous intravenous neuromuscular blocker infusion compared to intermittent dosing.\[[@ref5]\] When possible, neuromuscular blockade should be limited to \<24 h as deep sedation is generally sufficient after that\[[@ref24]\] and physiotherapy should be provided early.\[[@ref36]\] None of our NFA patients died. In literature, mortality rates for asthmatic patients receiving intubation is up to 20%,\[[@ref37]\] but this mortality seems to have decreased over time.\[[@ref6][@ref7]\]

The study should be interpreted taking into considerations its limitations. The sample size is small and the study was performed in one center. This is because we studied very severe asthma cases. Additionally, we did not have data on pulmonary function tests and did not collect data on all asthma management interventions. Moreover, neuromyopathy was based on clinical diagnosis as documented by physicians and not on nerve conduction or electro-myographic studies.

In conclusion, NFA was uncommon and associated with younger age and higher number of asthma-related ED visits. Limiting the use of neuromuscular blockade, early corticosteroid weaning and early physiotherapy may be reasonable approaches to reduce NFA-associated morbidity. None of the NFA patients died, likely as a result of the general improved management of these patients.
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